purified CBA T cells into irradiated syngeneic or allogeneic mice together with SRC and study the helper function of the donor-derived T cells recovered from thoracic duct lymph of the recipients 1-2 days later. The T cells were obtained from LN of mice primed to both SRC and HRC 2-4 mo previously. Before transfer, the T cells were depleted of B cells (and presumably most macrophages) by nylon wool filtration. The effluent T cells (>90% Thy 1.2-pesitive) were transferred intravenously in a dose of l0 s viable cells together with SRC (0.5 ml of 50% solution) into mice that had received 900 rads 1 day before. Thoracic duct fistulas were inserted in the recipients 20 h later and TDL were collected between 24 and 40 h postinjection. Testing with anti-Thy 1.2 antiserum and complement showed that the lymph-borne cells consisted almost entirely (~97%) of T (Thy 1.2-pesitive) cells. In situations where the cells were filtered through H-2-incompatible hosts, testing with appropriate alloantisera showed that the lymph-berne cells were invariably > 90% of donor origin. Cell viability was 99-100% and the yield of cells (compared with the numbers initially injected) was in the order of 10-15%. * 10 s Nylon-wool-paseed LN T cells from CBA mice primed with both SRC and HRC 2-4 mo previously were transferred intravenously ± 0.5 ml of 50% SRC into CBA mice given 900 rads 1 day before. Mice were cannulated at 20 h postinjection and TDL collected between 24 and 40 h. To measure helper function, the lymph-berne T coils were transferred with B cells, SRC, and HRC into irradiated (700 reds) CBA mice. To study their helper function the lymph-borne cells were transferred in a dose of 2 × 106 cells into irradiated (700 fads) CBA mice together with SRC and HRC (0.1 ml of 5% solution of each) and syngeneic B cells (5 x 106 anti-Thy 1.2-serum-treated spleen cells from CBA mice primed with both SRC and HRC). Numbers of direct (IgM) and indirect (IgG) PFC to SRC and HRC were then measured in the spleen 7 days later.
Negative Selection in Syngeneic Mice. When CBA T cells were transferred into irradiated CBA mice and recovered from thoracic duct lymph of the recipients 1 day later, the cells provided effective help for both SRC and HRC (Table I) . By contrast, CBA T cells filtered through irradiated CBA mice in the presence of SRC failed to stimulate either IgM or IgG anti-SRC PFC responses. This abolition of help for SRC was specific since good responses were observed against HRC. The phenomenon did not appear to be due to suppression since the injection of both TDL populations together gave high responses. (For simplicity, background values obtained when B cells were transferred without T cells have been subtracted from the data shown in Table I and in subsequent tables; these values are shown in the footnotes to the tables.)
The specific unresponsiveness of T cells taken from the central lymph at 1 day after cell transfer was followed by a period of hyper-reactivity where the lymph-borne cells gave markedly increased responses to the injected antigen. Thus, as illustrated in Table II , T cells collected from the lymph at 5 days posttransfer, i.e. during the stage of positive selection to antigen, gave high IgM and IgG anti-SRC responses with as few as 0.5 x 106 T cells. These responses were over 40-fold higher than with the same dose of cells taken from irradiated mice given T cells but not antigen 5 days before. Responses against HRC were low with both T-cell populations unless higher doses of helper cells (2.5 x 106) were used.
Negative Selection in Allogeneic Mice. The negative selection to SRC observed when CBA (H-2 k) T cells were filtered from blood to lymph for 1 day Table I . After filtration, > 94% of the lymph-borne cells were resistant to lysis by CBA anti-B6 alloantiserum; > 97% were lysed with anti-Thy 1.2 antiserum. § As for footnote to Table I through CBA mice did not occur when the cells were filtered through allogeneic B6 (H-2 b) mice. Thus, as shown in Table III , acute recirculation of CBA T cells through irradiated B6 mice in the presence of SRC did not affect the helper function of the cells for SRC. This was observed in five separate experiments. In no experiment was the IgG anti-aRC response reduced significantly; the IgM response was reduced by approximately 50% in two experiments (significant in only one experiment-Table HI) but was not reduced in three other experiments. anti-CBA alloantiserum which had been absorbed with DBAJ2 spleen (this antisera lysed 100% of (CBA × B6)FI LN but < 10% of (DBA/2 × B6)FI LN); > 98% of the cells were lysed by antiThy 1.2 antiserum. § As for footnote for Three trivial explanations might account for the failure to observe negative selection to SRC in allogeneic intermediate hosts. The first possibility is that the concomitant induction of a grat~-versus-host reaction inhibited selection. The fact that excellent selection to SRC occurred in semiallogeneic (CBA × B6)-F1 mice (Table III) rules out this possibility.
A second explanation is that a host-versus-graft reaction impaired selection. This was investigated by filtering (CBA × B6)F1 T cells through irradiated (DBAJ2 (H-2 d) × B6)F1 mice in the presence of SRC and studying help provided for B6 Bcells. As shown in Table IV , effective selection to SRC occurred in this situation where beth a graft-versus-host reaction and a host-versus-graft reaction could occur.
The third possibility is that B6 mice are nonspecifically less effective than CBA mice at being able to present antigen in an immunogeneic form to T cells. If so, syngeneic T cells would not undergo selection to antigen in B6 mice. The data shown in Table V rules out this possibility. Here it can be seen that effective selection occurred when B6 T cells were filtered with SRC through irradiated B6 mice and tested for their capacity to help B6 B cells.
Role of H-2 Complex in Negative Selection.
In the experiments considered above, it is apparent that negative selection to the injected antigen occurred whenever H-2-determinants were shared between the donor T cells and the host presenting antigen to the T cells. To determine whether the phenomenon was indeed H-2-1inked, negative selection of CBA (H-2 k) T cells was studied in irradiated B10.Br (H-2k), B10 (H-2~), and B10.D2 (H-2 d) mice (these congenic resistant strains have identical genetic backgrounds and differ only at the H-2 complex). As shown in Table VI , effective selection to SRC occurred in H-2- Negative Selection with Unprimed T Cells. All of the experiments considered above employed T cells taken from mice primed with both SRC and HRC. The experiment illustrated in Table VII shows that similar results occurred when the T cells were taken from unprimed mice. Thus, it is evident that unprimed CBA T cells underwent negative selection to SRC in H-2-compatible C3H (H-2 ~) mice but not in H-2-incompatible BALB/c (H-2 d) mice. (To ensure good helper responses in this experiment, the T and B cells were transferred in higher doses (4.5 × 106 and 7 × 106, respectively) than in the preceding experiments with primed T cells.)
Positive Selection in AUogeneic Mice. If negative selection is a prerequisite for positive selection (which seems very likely), the failure to observe negative selection to SRC in H-2-different hosts should be associated with an inability to induce T helper cell induction in this situation, i.e., an inability to induce positive selection to SRC. A priori, this might be tested by transferring T cells plus SRC to irradiated allogeneic mice and studying the helper function of cells harvested from the recipients 5 days later. This would be an unsatisfactory approach because at this stage most of the cells in the lymphoid tissues and the central lymph would be alloaggressive blast cells stimulated by the host alloantigens (16) . This problem can be avoided by using T cells which have been depleted of specific alloreactive lymphocytes, e.g. by prior acute recirculation (without SRC) through irradiated mice of the strain to be used for activation (17) .
Accordingly, LN cells from SRC-primed CBA mice were injected intravenously without SRC into irradiated (CBA × B6)F1 mice and recovered from thoracic duct lymph of the recipients 20-40 h later (footnote, Table VIII). Of the cells harvested from the recipients, 95% were of donor origin (were resistant to lysis by CBA anti-B6 alloantiserum and complement) and >99% were T (Thy 1.2-positive) cells. These cells were transferred intravenously in a dose of 2 × 107 cells with or without SRC (0.1 ml of 50% solution) into (CBA × B6)F1 and B6 mice that had received 850 rads 1 day previously. The recipients were cannulated 5 days later and TDL collected overnight. The lymph-borne cells (>90% T cells of donor CBA origin) were transferred with CBA B cells and SRC into irradiated CBA mice to measure their helper function. 2-positive and 95% resistant to lysis by CBA anti-B6 alloantiserum) were transferred intravenously in a dose of 2 x 107 cells _+ 0.1 ml of 50% SRC into (CBA x B6)F, or B6 mice given 850 rads I day before (two mice per group). These mice were cannulated 5 days later and TDL collected overnight; for each group the TDL were > 97% Thy 1.2 positive and >90% resistant to lysis by CBA anti-B6 alloantiserum. Helper function was measured by transferring the lymph-borne cells with 0.1 ml of 5% SRC plus SRC-primed B cells into irradiated CBA mice as described in footnote to Table I . $ As for footnote to Table I. § As for footnote to Table I . Subtracted values of B cells transferred without T cells were: 100(1.50) (IgM SRC), 690(1.55) (IgG SRC). All values shown in Table are As shown in Table VIII , CBA T cells positively selected to SRC in irradiated (CBA x B6)FI mice (group A) gave high anti-SRC responses with cell doses as low as 105. CBA T cells selected to SRC in B6 mice (group B), by contrast, gave only low responses, even with doses as high as 8 x 105. Though significant, these responses were no higher than the responses given by equivalent numbers of CBA T cells harvested from B6 mice not given SRC (group C). The fact that T cells from group B did not inhibit the helper function of group A T cells suggests that the failure to observe positive selection to SRC in irradiated B6 mice was not the result of suppression.
Discussion
The present studies demonstrate that marked negative selection to SRC occurs when purified T cells are acutely recirculated in the presence of SRC through irradiated mice which share H-2 determinants with the T cells. Thus, when the data shown in Tables I, HI, Tables III and VI and from three other unpublished experiments) . IgM responses were reduced significantly in one experiment (Table III) but not in four others (the mean reduction of IgM responses in five experiments was 15%). Similar results were found with unprimed T cells (Table VII) .
No evidence was found that the failure to induce negative selection to SRC in H-2-different hosts was due to such factors as the concomitant onset of a graftversus-host or host-versus-graft reaction (Tables III and IV) . It would seem reasonable to conclude, therefore, that the T cells were unable to recognize the antigen in an H-2-different environment, even though the antigen was injected in a massive dose, i.e. 0.5 ml of 50% solution of SRC/10 s lymphocytes (approximately 25 erythrocytes/lymphocyte). The reciprocal failure to detect positive selection (clonal expansion) of T cells in H-2-different hosts (Table VIII) strengthens this viewpoint.
The simplest interpretation of the data is that T cells recognize antigen in vivo only when it is presented in association with a cell type which shares H-2 determinants with the T cells. The identity of the cell(s) presenting antigen in vivo is not known. In the present system radioresistant macrophages (or related cells) of the transfer hosts are the logical choice since macrophages are known to be radioresistant (18) and, at least for certain antigens, these cells play an important role in antigen presentation in vitro (Introduction). Currently we are attempting to identify the antigen-presenting cell by determining whether negative selection can be induced in H-2-different hosts by supplementing the donor T cells with other cell types. Preliminary results suggest that addition of macrophage-enriched populations, e.g. peritoneal exudate cells, will indeed lead to selection in this situation. Addition of small B lymphocytes from thoracic duct lymph has not been successful.
Precisely which genes are responsible for selection to antigen in vivo has yet to be established. Preliminary studies with recombinant mice as filtration hosts suggest that the I region per se is important, although which subregion is involved has not been studied.
Can one conclude by extrapolation from the present data that T cells are unable to recognize free antigen in vivo? This would be consistent with the evidence that T helper cells (or T cells with the Ly 1 ÷ 2-3-phenotype) fail to bind antigen in vitro (19) (20) (21) (22) . While the data are in line with this viewpoint, an alternative argument is that T cells do recognize free antigen in vivo but that in an H-2-different environment the antigen is rapidly degraded by the allogeneic macrophages and thereby rendered nonimmunogenic. A critical question therefore is whether selection to antigen would occur in a syngeneic environment after blockade of the reticuloendothelial system. This is currently being investigated. Predicting the outcome is difficult since it hinges on the central ques-tion of whether T cells have receptors for free antigen or only for MHC-associated antigen (23) (24) (25) .
Perhaps the most surprising aspect of the present data is that the restriction observed applied to a crude particulate antigen (heterologous erythrocytes). In this respect, H-2 gene control of T-macrophage interactions in vitro is reported not to apply to particulate antigens (26) . Indeed, certain groups have concluded that the immune response to heterologous erythrocytes does not require macrophages (7, 8) . The answer here is possibly that many antigens which remain in a particulate form in vitro are rapidly degraded to a soluble form in vivo. Consequently, one might expect H-2 gene control ofT helper cell induction in vivo to apply to a wide range of antigens. This remains to be proved.
Finally, it should be emphasized that the B cells used in this study were always syngeneic with the T cells. Hence, it might be asked whether negative selection would be apparent in H-2-different hosts if allogeneic B cells of this strain were used to monitor selection. Here it should be emphasized that in our hands T cells from normal (nonchimeric) mice do not stimulate H-2-different B cells in vivo (17) . This applies even with unprimed parental strain T cells activated to antigen (SRC) in irradiated F1 mice (J. Sprent, unpublished data).
Summary
When purified CBA lymph node T cells were mixed with sheep erythrocytes (SRC) and filtered from blood to lymph through irradiated syngeneic mice for 1-2 days, the donor cells lost their capacity to stimulate anti-SRC responses by CBA B cells; the response to a third-party antigen (horse erythrocytes) was unaffected and active suppression was not involved. This process of specific negative selection to SRC also occurred when semiallogeneic mice were used as filtration hosts. By contrast, when allogeneic hosts were used the helper function of the donor cells was not reduced; this applied to both primed and unprimed T cells. Studied with congeneic resistant strains indicated that negative selection to SRC occurred only when the donor and host shared H-2 determinants.
Studies with T cells depleted of alloreactive lymphocytes showed that negative selection to SRC in irradiated FI hybrid mice was followed by a stage of positive selection where the donor cells gave greatly increased responses to the injected antigen. Positive selection did not occur in H-2-different mice, however, and the helper function of the donor cells remained unchanged.
By these parameters it was concluded that homozygous T helper cells have no detectable capacity to recognize antigen in an H-2-different environment.
